Probable manifestations of the intrinsic corpuscular defect leading to shortened red blood cell (RBC) survival in hereditary spherocytosis (HS) have been induced by in vitro incubation of these erythrocytes (2-4). The classical in vitro changes that have been described are a marked increase in autohemolysis in the absence of metabolized substrate and an increase in osmotic fragility.
Probable manifestations of the intrinsic corpuscular defect leading to shortened red blood cell (RBC) survival in hereditary spherocytosis (HS) have been induced by in vitro incubation of these erythrocytes (2) (3) (4) . The classical in vitro changes that have been described are a marked increase in autohemolysis in the absence of metabolized substrate and an increase in osmotic fragility.
Young, Izzo, Altman, and Swisher (4) showed that a number of substrates utilized by RBC to produce ATP could substitute for glucose in preventing the exaggerated in vitro hemolysis in HS erythrocytes. The exact role of cellular ATP in preventing these changes has, however, been debated. Selwyn and Dacie (3) suggested that, particularly in the absence of metabolized substrate, a premature degeneration of the membrane occurred in HS erythrocytes during in vitro incubations. In a preliminary report (1), we described an in vitro loss of lipid in HS erythrocytes not found in normal cells that was minimized, but not prevented completely, by the presence of glucuose. These findings appeared to be a specific manifestation of the membrane degeneration postulated by Selwyn and Dacie (3) and to represent an example of the mechanism, originally proposed by London and Schwartz (5) , whereby RBC cellular energy is utilized in preventing changes in membrane lipids; in HS erythrocytes, it appeared that utilization of energy through this pathway was inefficient.
More recently, Jacob and Jandl (6) have emphasized the importance of colloid osmotic lysis, rather than some energy dependent membrane degeneration, as the primary event responsible for the in vitro changes observed in HS erythrocytes in the absence of metabolized substrate. This view depends on the observation of Bertles (7) that at the usual sodium gradient between plasma and cell water found in humans, the influx of sodium ions into HS erythrocytes is greater than into normal cells, and also on the well-known energy requirement for maintenance of normal cationic gradients across the cell membrane (8) . A detailed consideration of these two proposals may be found (9) .
The present report describes the lipid composition of HS erythrocytes. It also describes in detail the loss of lipid observed in these erythrocytes during in vitro incubations and the effect of glucose in minimizing this loss.
Methods
A total of seven patients with HS who had undergone splenectomy were studied. The diagnosis was established in each case by the usual criteria, which included characteristic findings in the peripheral blood and bone marrow, the characteristic patterns of autohemolysis and osmotic fragility, the expected genetic pattern of transmission, the presence of an enlarged and congested spleen at operation, and the correction of the hemolytic anemia after splenectomy. All of the subjects with HS had had their spleens removed at least 1 year before the study, had hematocrits ranging between 40 and 46%o, and had reticulocyte counts of 2%o or less. Seven hematologically normal donors were used as controls.
By a sterile technic, blood was collected from the subjects into sufficient Na2-EDTA to achieve a final plasma concentration of 5 X Penicillin, 100 U per ml, and streptomycin, 0.1 mg per ml, were added to some of the incubations and had no effect on the results.
Samples of RBC were taken for lipid analysis before and after each incubation. The cells were separated from the plasma and washed three times in 0.15 M NaCl at 40 C, with careful removal of the buffy coat. Red blood cell counts were determined on the washed cell suspension with a model B Coulter counter.
The extraction, separation, and quantitation of the erythrocyte lipids were carried out as previously described (10). Lipid nitrogen was determined on some of the samples by using a modification of the method described by Minari and Zilversmit (11) . The digestion mixture of Lang (12) was used and a longer digestion period, 10 hours at 2800 C, was found necessary for complete digestion of lipid samples, particularly those containing sphingomyelin. Glucose was determined by a modification of the anthrone method (13) , autohemolysis by the method of Young and associates (4). Probabilities were calculated with Student's t test (14) .
Measurements of cellular ATP, sodium and potassium content, and critical hemolytic volumes were also made on the erythrocytes used in these studies; these results are reported separately (9) .
Results
Lipid composition of HS erythrocytes. The lipid composition of the erythrocytes from the t Lipid nitrogen was determined on three subjects only.
concentrations. The loss of RBC lipid was greatest in those incubations in which HS erythrocytes were used in the absence of glucose. Table IV shows that the losses of lipid phosphorus, lipid nitrogen, and total cholesterol were proportionately equal to each other and to the measured loss of total lipid in these experiments. Table V compares the distribution of the four quantitatively major phospholipids in normal and HS erythrocytes before and after in vitro incubation for 24 hours in the absence of glucose. The phospholipid composition of HS erythrocytes, in terms of major lipid classes, was identical to that found in normal RBC, and the loss of 20% of lipid phosphorus by HS erythrocytes during incubation for 24 hours without glucose was proportionately distributed among the individual phospholipids.
In the glucose-supplemented experiments, the residual concentration of glucose was, in each case, more than 5 Lmoles per ml of blood at 24 hours; thus, a concentration of glucose exceeding that normally found in vivo was present throughout. Over the first 12 hours, glucose utilization averaged 2.3 jtmoles per ml RBC per hour for the HS erythrocytes and 1.85 emoles per ml RBC for the normal cells. During the second 12 hours, the respective average rates of glucose utilization were 1.2 and 0.9 umoles per ml RBC per hour. This decrease in glucose utilization during the second 12 hours may have been due (15) to a fall in pH, which was not prevented in these experiments, but as shown above, the pH of the blood at the end of the incubation period was virtually identical in the HS and normal groups.
In both normal and HS erythrocytes at 24 hours, cellular ATP was absent in the experiments without added glucose but present in the incubations to which glucose had been added. The expected inhibition of active cation transport by ouabain was observed. These results are presented in detail elsewhere (9) . 
Discussion
Both the amount and distribution of lipid per RBC were normal in the seven patients with HS studied. De Gier and associates (16) , as well as Phillips and Roome (17) , have previously reported that the distribution of erythrocyte phospholipids is normal in these patients, whether or not splenectomy has been performed. Studies in our laboratory on three patients with HS who have not had splenectomy indicate that the amount of total lipid per cell may be somewhat lower in these patients, but that the distribution of the lipid is normal. Thus, the suggestion that the proportion of phosphatidyl ethanolamine is reduced in HS erythrocytes as a basic feature of this disease (18) has not been confirmed in three independent laboratories.
The period of 24 hours for incubation of the RBC was chosen for detailed analysis of the lipid loss and the effect of glucose in minimizing this change because pilot experiments (1) indicated that hemolysis was minimal in HS erythrocytes incubated for this period without glucose, as found by Selwyn and Dacie (3) , whereas loss of erythrocyte lipid was nearly maximal. In our hands, prolongation of incubation of HS RBC without glucose beyond 24 hours increases the degree of hemolysis but does not increase the loss of any lipid in the unhemolyzed cells beyond about 25%. Prankerd (19) , on the other hand, has reported observing a loss of about 50%o of erythrocyte cholesterol and total lipid phosphorus in HS erythrocytes incubated for 48 hours without glucose, but little or no loss of cholesterol (the only lipid measured) after 24 hours of incubation. He did not investigate the effect of glucose on lipid loss. The reasons for the discrepancy between Prankerd's findings and ours may be due in part to methodological differences (10) .
The central features of the present study are the observed uniform loss of all erythrocyte lipids and the effect of glucose in minimizing this loss. The effect of glucose in decreasing the loss of lipid in HS erythrocytes may well be related to the maintenance of cellular ATP concentrations. This proposed effect of ATP does not seem related to its role in actively maintaining normal cationic gradients across the cell membrane, since inhibition of this function with ouabain did not cause an increased loss of cellular lipid. Similarly, the observed effect of glucose is not due to alterations in the rate of ATP-dependent de novo lipid synthesis, since this does not occur in the mature erythrocyte (20) . Some shift in the equilibrium point of exchange between plasma and erythrocyte lipids, a process that might require ATP, would not account for the uniform loss of lipid observed. The exchange of lipids is not symmetrical, as cholesterol exchanges rapidly (5, 21) and the phospholipids much more slowly and at rates that vary for the individual compounds (22, 23) . The reversible acylation of membrane lysophosphatides has also been suggested as a mechanism accounting for some turnover of membrane lipid constituents (24) (25) (26) , and Oliveira and Vaughan (24) have postulated a requirement for ATP by this process. The actual amount of phospholipid turnover involved is probably quite small, however, and the process has not been found to differ from normal in HS erythrocytes (26) . Furthermore, alterations in the rate of acylation of erythrocyte lysophosphatides would not affect the amount of cellular cholesterol or the amount of total lipid. None of the above mechanisms, which may play a role in the turnover of erythrocyte lipid, would account for the observed equal loss of cholesterol, lipid nitrogen, lipid phosphorus, and of the major individual phospholipids in HS erythrocytes. This finding suggests that the observed changes may be due to loss of whole fragments of the membrane containing all of the component lipids. The actual demonstration of the formation of such fragments from HS erythrocytes during the course of the present experiments and the possible role of reduced concentrations of cellular ATP in their genesis are discussed elsewhere (9 The present results suggest that some mechanism exists in erythrocytes through which energy is utilized in preventing loss of membrane substance and that this mechanism is altered in HS.
